A UTISM SPECTRUM DISORDER (ASD) is characterized by impairments in social interaction (such as poor eye contact and not responding to name when called), and by restricted, repetitive, and stereotyped patterns of behavior. 1 Since the symptoms mentioned above can be improved during late childhood, early screening for ASD in suspected toddlers or children is crucial, as is providing continuous evidence-based interventions. A number of studies have reported better treatment outcomes with earlier intervention. [2] [3] [4] [5] [6] [7] The Ministry of Health and Welfare of Korea provides various developmental rehabilitation services for children aged under 18 years with autism. 8 In order to receive the treatment services, a doctor's diagnosis or disability registration is needed. 9, 10 Therefore, validated screening and diagnostic tools to sensitively detect ASD are essential.
The Korean version of the Childhood Autism Rating Scale (K-CARS) is a behavioral rating scale that aims to identify children over 24 months old with autism and to distinguish them from children with other developmental disorders. In studies with autistic participants (2-22 years old) using the CARS, reported classification accuracy of CARS ranged from 92% to 98%. 11, 12 However, due to the item specificity of CARS, which includes many symptoms found in typical and severe autism, such as abnormal body motion (rocking, spinning, or toe-walking), and abnormal responses to visual, olfactory, or tactile stimuli, many children with Asperger's syndrome and high-functioning autism (HFA) are likely to be misdiagnosed as non-ASD. 13 Another low-scoring item on the CARS test includes the level and consistency of intellective relations. Children with HFA or Asperger's syndrome are likely to receive only one point for the following: 'Intelligence is normal and reasonably consistent across various areas. The child is as intelligent as typical children of the same age and does not have any unusual intellectual skills or problems.' In the assessment of verbal communications, a child with Asperger's syndrome who clings strongly to limited subjects and speaks in a pedantic and unilateral way may receive a score of only one point. Thus, some items in CARS may not reflect the subtle symptoms found in children with HFA, whose language development and intelligence are relatively within the normal range.
14 Consequently, applying the same cut-off score used for typical autism diagnosis to children with HFA or Asperger's syndrome may result in a failure to diagnose ASD and may delay clinical intervention. Currently, the cut-off score using the K-CARS for classification of ASD is 28, which is derived from the study that examined the validity and reliability of the K-CARS. 15 However, in that study, diagnosis based on the cut-off score of 28 did not adequately identify pervasive developmental disorder-not otherwise specified as well as children with Asperger's syndrome and the false negative error was 26.2%, while it successfully distinguished autistic disorder from non-autistic disorder (e.g., communication disorders, mental retardation). In addition, the researchers did not consider that the cut-off score for HFA or Asperger's syndrome should be different from that for autistic disorder, which is necessary as some items in the CARS cannot detect the milder symptoms resulting from the characteristics of HFA or Asperger's syndrome. This study thus aims to seek an optimal cut-off score for CARS that can be used to identify both autistic disorder and HFA/Asperger's syndrome, which lie on opposite ends of the autism spectrum.
METHOD Participants and data collection
Our sample was comprised of 329 children and adolescents, aged 2-19 years old, recruited from 2012 to 2015 as outpatients of the Department of Psychiatry at the Seoul National University Bundang Hospital who had participated in our genetic study. Inclusion criteria were: a verbal IQ (VIQ) of 60 or higher in a standardized intelligence test and sufficient ability and cooperation to participate in neuropsychological assessments. In addition, diagnosis of ASD was performed by two board-certified psychiatrists based on DSM-5 criteria. The participants diagnosed with pervasive developmental disorder or Asperger's syndrome, based on DSM-IV-TR criteria, were categorized as having ASD. The diagnostic procedure was as follows: The K-CARS was administered by licensed clinical psychologists with a specialization in autism. The K-ADOS and K-ADI-R were administered and scored by a special educator trained in the administration of these instruments (G. Y. B.). Finally, a participant would be diagnosed with ASD if two board-certified child psychiatrists made the diagnosis independently by putting the two scales' scores and their interview results together. Contrary, participants were excluded if there was evidence of perinatal incidents, head injury, or a seizure disorder.
Further tests were administered to participants meeting the above criteria, depending on the capacity and age of the participant: the Korean Educational Developmental Institute-Wechsler Intelligence Scale for Children, 16 the Korean Wechsler Preschool and Primary Scale of Intelligence, 17 the Korean version of the Autism Diagnostic Interview-Revised (K-ADI-R), 18 the Korean version of the Autism Diagnostic Observation Schedule (K-ADOS), 19 K-CARS, 20 and the Korean version of the Vineland Social Maturity Scale (K-SMS). 21 This study's protocol was approved by the Institutional Review Board at the Seoul National University Bundang Hospital, Gyeonggi-do, Korea.
overall impressions of autism as rated by the examiner. Thus, the 15 items in the scale are as follows: relating to people, imitative behavior, emotional response, body use, object use, adaptation to change, visual response, listening response, perceptive response, fear or anxiety, verbal communication, non-verbal communication, activity level, level and consistency of intellective relations, and general impressions. The clinician rates each item according to the child's behavior from 1 (appropriate behavior for age level) to 4 (severe deviance compared to normal behavior for one's age level). Whereas the cut-off score for autism in the original CARS is 30, the suggested cut-off score for the K-CARS used in this study was a score of 28.
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K-ADI-R and K-ADOS
The ADOS is a semi-structured observation method and it allows clinicians to assess different behaviors in terms of communication, social interaction, imagination/creativity, and stereotyped behaviors. 22 The behaviors are coded from 0 (no evidence of abnormality) to 3 (markedly abnormal behavior). By contrast, the ADI-R is a semi-structured investigator-based interview consisting of 93 items that allow parents or primary caregivers to look back on children's early developmental history and describe the following: social interactions, communication, and restricted, repetitive, and stereotyped behaviors. 23 In this study, we used the K-ADI-R 18 and the K-ADOS. 19 
K-SMS
The K-SMS was used to assess subjects in terms of social functioning and social quotients (SQ). 21 The K-SMS is based on Doll's Vineland Social Maturity Scale (SMS), 24 which was re-standardized with representative samples of 1980 Korean subjects. 25 This scale rates subjects in six dimensions: child's selfhelp, self-direction, locomotion, occupation, communication, and social relation functioning.
Data analysis
Statistical analyses were performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA). A P-value < 0.05 was considered statistically significant. A χ 2 -test was performed to determine the false negative group, which was composed of misclassified participants who were not diagnosed as ASD using the K-CARS, but were given diagnoses of ASD by two independent child psychiatrists. To examine the independent predictors leading to misclassification, we then adjusted for variables at the P < 0.05 level of significance using a multiple logistic regression model. Receiveroperator curve (ROC) graphs were used to determine the optimal cut-off score, which could enhance the sensitivity and specificity of the K-CARS in diagnosing ASD children.
RESULTS
Accuracy of classification of K-CARS in diagnosing ASD
K-CARS was used to correctly screen 254 of 329 participants. Of those correctly classified, 203 belonged to the True Positive Group (TPG) and 51 to the True Negative Group (TNG). Of the 75 incorrectly screened by K-CARS, 49 belonged to the False Negative Group (FNG) and 26 to the False Positive Group (FPG) ( Table 1 ). The overall classification accuracy rate of K-CARS was 77.2%, sensitivity was 80.6%, specificity was 66.2%, positive predictive power was 88.6%, and negative predictive power was 51.0%. Further analysis using decision-tree model
A decision-tree model was developed by Breiman et al. as a hierarchical tree-structure for sorting observations into classes. 26 It helps to determine which independent variable(s) can separate the subpatterns from the original data. The results of the decision-tree analysis demonstrate that the false negative rate increased from 19.8% to 36.0% if the participant's VIQ was >69.5. Furthermore, for participants whose VIQ was >69.5 and SQ was >75.5, the false negative rate rose to 44.1%. When the participant's VIQ was ≤69.5, the false negative rate decreased to 12.7%. However, if the subject's SQ was >83.5, the false negative rate increased to 46.7%, even if the participant's VIQ was ≤69.5 ( Fig. 1) .
Identifying the K-CARS's optimized cut-off score for HFA or Asperger's syndrome
We separated subjects by their VIQ and SQ scores into three groups. Group 1 was composed of participants whose VIQ was ≤69.5 and whose SQ was ≤75.5; group 2 was composed of participants whose VIQ was >69.5 and whose SQ was >75.5; and group 3 included the participants whose SQ was >83.5. We compared ROC graphs to determine the K-CARS's optimized cut-off score for each group in order to more correctly classify patients as ASD. The area under the ROC (AUC) represents a measure of overall accuracy.
27 AUC values for groups 1, 2, and 3 were 0.89, 0.76, and 0.77, respectively (Table 3) . According to the ROC analysis results for group 1, the accuracy of K-CARS was 0.84, when its sensitivity was 0.87 and specificity was 0.80. Accordingly, the appreciation value with an accuracy of 0.84 was 28.5 (Table 4) . When the K-CARS cut-off value was 24.25, group 2 (VIQ > 69.5 and SQ score > 75.5) had the highest values for accuracy, sensitivity, and specificity (0.80, 0.83, and 0.77, respectively) ( Table 5) . Lastly, for group 3, when adopting 24.5 as the cut-off value, with an accuracy of 0.77, the efficiency of the scale was optimal, with sensitivity and specificity of 0.76 and 0.77, respectively (Table 6 ).
DISCUSSION
In this study, we examined whether K-CARS is an appropriate tool for diagnosing HFA or Asperger's syndrome. Because of the item specificity and emphasis on typical autistic features, an HFA or Asperger's syndrome patient is likely to be misdiagnosed as non-ASD. To verify this, we first identified the false negative group that was misclassified as non-ASD by K-CARS, and then determined which characteristics of the group led to misdiagnosis. We found that when the participant's VIQ was >69.5, the false negative rate increased to 36.0% from 19.8%. Moreover, among the children whose VIQ was >69.5 and whose SQ was >75.5, the false negative rate rose to 44.1%. In addition, if the participant's SQ was >83.5, the possibility of misdiagnosis increased to 46.7%, even if their VIQ was ≤69.5. These results show that the higher the SQ and VIQ, the higher the possibility that the child will be misdiagnosed as non-ASD by the K-CARS. Furthermore, SQ has a greater impact on misdiagnosis than VIQ. Our findings support the hypothesis that HFA or Asperger patients whose language development and intelligence are relatively within the normal range are likely to be misdiagnosed as non-ASD by the K-CARS. This result is compatible with previous findings that 25% of the children with HFA or Asperger's syndrome were below the cut-off score of 30, falling into the non-autism range; 28 further, while CARS classification accuracy for low-functioning autism was 97%, accuracy for classifying participants with HFA was only 75%. 13 The CARS, Second EditionStandard Version (CARS2-ST) also has a different cut-off score for those with autistic disorder (cut-off score: 36) and those with HFA (cut-off score: 28). 29 Thus, lowering the cut-off score for the K-CARS enhances the accuracy of diagnosis in detecting HFA or Asperger's syndrome. We divided the participants into three groups based on the SQ and VIQ scores Figure 1 . Decision tree of the classification and regression tree model. In order to identify a change in the rate of misdiagnosis depending on the verbal IQ (VIQ) and social quotient (SQ) scores, we developed the decision tree model. A root node at the top of the tree shows that any independent variable has not been input. FNG, False Negative Group, consisting of participants misdiagnosed as non-autism spectrum disorder (ASD) by the Korean version of the Childhood Autism Rating Scale (K-CARS); TPG, True Positive Group, consisting of participants correctly diagnosed with ASD by K-CARS. to verify the optimal K-CARS cut-off score for each group. The results demonstrated that the optimal cut-off for group 1 (VIQ ≤ 69.5 and SQ score ≤ 75.5) was 28.5; for group 2 (VIQ > 69.5 and SQ > 75.5) was 24.25; and for group 3 (SQ > 83.5) was 24.5. As expected, the optimal cut-off scores for groups 2 and 3 were lower than that for group 1. This result is consistent with prior studies reporting that CARS has a tendency to underidentify HFA, so lowering the cut-off score may better capture individuals with HFA. 13, 30 Chlebowski et al. reported that the best cut-off score for distinguishing ASD from non-ASD was 25.5. 31 A study conducted in Japan using the CARS -Tokyo version (CARS-TV) also showed similar results to our findings. In that study, the Asperger's disorder group had the lowest CARS-TV mean score of 25.6; followed by pervasive developmental disorder-not otherwise specified, 28.2; autistic disorder, 32.3; and childhood disintegrative disorder, 33.6. 32 These findings indicate that if we use the existing cut-off score of 30 to diagnose ASD, without considering the participant's SQ or VIQ, many children with HFA or Asperger's syndrome who are actually diagnosed as ASD may lose the opportunity for early intervention. Therefore, use of the current cut-off score (30) to diagnose children who are suspected of having HFA or Asperger's syndrome should be reconsidered. Reflecting these results, the CARS2 (2010) has two different rating scales: the CARS2-ST and the CARS2-High Functioning Version (CARS2-HF). The CARS2-ST is the same as the original CARS, and the CARS2-HF is a newly developed test for individuals with overall IQ scores of 80 or higher who are verbally fluent and 6 years of age or older. 29 Therefore, it seems more reasonable to use the CARS2-HF rather than the CARS to identify individuals with HFA. However, there have been few This study has the following limitations. First, since the K-CARS, K-ADOS, and K-ADI-R evaluations were conducted by several examiners, we cannot be sure of the inter-rater reliability, which could have a negative effect on the accuracy of diagnosis. Additionally, the wide age range of subjects could be a limitation of this study. According to previous studies, the age of the examinee is a factor that may alter the accuracy of the diagnosis. In a recent survey conducted in Pennsylvania, the average age at diagnosis for autism was 3.1 years, as compared to 3.9 years for pervasive developmental disorder-not otherwise specified, and 7.2 years for Asperger's syndrome. 33 Thus, future investigations need to limit the age of the subjects from 3 to 8 years, considering that the possibility of being misdiagnosed as non-ASD by the K-CARS increases with age.
Despite the limitations mentioned above, our study is the first to verify the characteristics contributing to the misdiagnosis of patients as non-ASD by K-CARS. Furthermore, we suggest the importance of applying a different cut-off score for enhancing the accuracy of diagnosis, and specify the approximate VIQ and SQ scores for applying the lower cut-off score. The findings of this study identify an increasing likelihood of false negative error when K-CARS is used to diagnose children having VIQ > 69.5 and SQ > 75.5 or SQ > 85 independent of VIQ, such as children with HFA. Thus, we should apply a different cut-off score to these cases, taking their verbal ability and social adaptation into account. Furthermore, supplementary diagnostic tools might be needed to enhance diagnosis when we use K-CARS for the purpose of diagnosing children suspected of having ASD.
